Brown ring disease (BRD) is the unique pathology of demonstrated bacterial origin described in adult bivalves cultured in Europe [22] . The disease disturbs the shell calcification process, the main symptoms being a reduced growth rate, shell deformation, and the presence of an organic brown deposit on the inner surface of the shell, typically located between the pallial line and the shell margin [5, 22] . The pathology has been described in wild and reared populations of different clam species, mainly Manila clam (Ruditapes philippinarum) and carpet-shell clam (R. decussatus), in France, Spain, Portugal, Italy, and England [1, 8, 9, 23] .
Introduction
Brown ring disease (BRD) is the unique pathology of demonstrated bacterial origin described in adult bivalves cultured in Europe [22] . The disease disturbs the shell calcification process, the main symptoms being a reduced growth rate, shell deformation, and the presence of an organic brown deposit on the inner surface of the shell, typically located between the pallial line and the shell margin [5, 22] . The pathology has been described in wild and reared populations of different clam species, mainly Manila clam (Ruditapes philippinarum) and carpet-shell clam (R. decussatus), in France, Spain, Portugal, Italy, and England [1, 8, 9, 23] .
The etiological agent of BRD was identified as a member of the genus Vibrio, first described as Vibrio P1 [21] , which resembled V. splendidus. Further studies demonstrated that all bacterial strains isolated from diseased clam affected by BRD constituted a homogeneous group on the basis of their phenotypic and antigenic characteristics [6] . DNA-DNA hybridization studies and sequencing of the16S rRNA gene allowed the proposal of a new species, V. tapetis, to allocate all isolates from diseased clam [4] .
For epidemiological purposes, the intraspecific typing of strains is of great value for the recognition of disease outbreaks, the determination of the source of infection, the detection of particularly virulent strains, as well as the study of the geographical and host distribution of possible variants of a specific pathogen [19] . Classical meth-Amersham Pharmacia Biotech) in 0.5 × TBE buffer (45 mM Tris-borate [pH 8], 1 mM EDTA) at 60 V for 8-8.5 h. Digoxigenin labelled phage λ HindIII DNA fragments (Boehringer Mannheim, Germany) were used as size markers.
After electrophoresis, gels were washed twice with DNA-denaturing solution (1 M NaCl, 0.5 M NaOH) (15 min each), and neutralized with Tris buffer (1 M Tris-HCl [pH 8], 1.5 M NaCl). DNA was then transferred to a nylon membrane (Hybond-N, Amersham Pharmacia Biotech) and fixed by UV light (Ultraviolet Crosslinker, Amersham Pharmacia Biotech).
DNA was hybridized with a digoxigenin-labelled probe synthesized from a mixture of 16S and 23S rRNA from Escherichia coli (Sigma Chemical Co.). Prehybridization (68 °C, 1-6 h), hybridization (56 °C, 16 h) and immunodetection were performed following the instructions included in the DIG DNA Labeling and Detection kit (Boehringer Mannheim), using NBT/BCIP as substrate.
Pulsed field gel electrophoresis
Bacterial pellets obtained as described above were washed twice in TEN buffer (10 mM Tris, 100 mM EDTA, 150 mM NaCl [pH 7.2]), and the cells were resuspended in the same buffer to achieve a bacterial concentration of about 10 9 CFU/ml. The bacterial suspension was mixed with an equal volume of a 2% agarose solution in TEN buffer (InCert Agarose, FMC Bioproducts, Rockland, ME), deposited in molds and allowed to solidify at 4 °C for 20 min. Agarose plugs were treated with bacods used in epidemiological and pathobiological studies, including phenotypic characterization or serotyping have shown a great homogeneity among the Vibrio tapetis strains isolated from diseased clam, regardless their geographical or host origin [4, 6] . In addition, the use of molecular procedures such as the analysis of lipopolysaccharides and cell envelope proteins or the plasmid content have not allowed the discrimination among isolates of this bacterial pathogen [6, 7, 8] . Therefore, other techniques must be used for typing this bacterial pathogen.
In the present study, we have compared several of the current available approaches for genotyping, including ribotyping (RT), pulsed-field gel electrophoresis (PFGE) and randomly amplified polymorphic DNA PCR (RAPD), to detect DNA polymorphisms in V. tapetis. In addition, their usefulness as epidemiological markers for this bacterial pathogen was evaluated.
Materials and Methods

Bacterial Strains and Culture Conditions
Twenty seven strains of Vibrio tapetis isolated from diseased bivalves were included in this study. The isolation and phenotypic characteristics of the isolates have been described elsewhere [4, 6] , and their origin and year of isolation are shown in Table 1 . Strains were routinely cultured using trypticase soy agar or broth (Oxoid Ltd, Basingstoke, Hampshire, England) supplemented with a final concentration of 2% NaCl (TSAS and TSBS). Incubation was performed at 22 °C for a period of 24-48 h. Stocks cultures were mantained at -80 °C in basal medium (0.4% peptone, 0.1% yeast extract, 2% NaCl) supplemented with 20% (vol/vol) glycerol.
Ribotype analysis
Broth cultures of the Vibrio tapetis strains were centrifuged at 4,000 × g for 10 min at 4 °C. Bacterial pellets were resuspended in Tris-EDTA (50 mM Tris-HCl [pH 8], 0.4 M EDTA), and sequentially treated with lysozyme (1 mg/ml), sodium dodecyl sulphate (5 mg/ml) and proteinase K (Sigma Chemical Co., St. Louis, Mo.) (1 mg/ml). After an extraction with phenol, total DNA was precipitated with 3 M sodium acetate and ethanol, resuspended in autoclaved bidistilled water, and incubated with RNase (Sigma) (40 µg/ml) for 6 h at 37 °C. After a second extraction with phenol-chloroform, DNA was precipitated as described and resuspended in bidistilled water. Concentration and purity of the total DNA were spectrophotometrically evaluated (at 260 nm).
DNA samples (1 µg) were digested separately with PvuII, SalI, SmaI and XbaI following the recommendations of the manufacturers (Amersham Pharmacia Biotech, Uppsala, Sweden). Digested DNA was electrophoresed in 0.7-0.8% agarose gels (NA ,   Table 1 . Strains of Vibrio tapetis included in this study.
Strain
Source terial lysis solution (10 mM Tris-HCl [pH 7.5], 0.1 M EDTA, 50 mM NaCl, 0.2% sodium deoxycholate, 0.5% sarcosyl, 0.1% lysozyme, 200 µg/ml RNase I) for 5-6 h at 37 °C. Bacterial lysis was completed by treatment at 50 °C with a solution containing 0.5 M EDTA (pH 8), 5% sarcosyl and 1 mg/ml proteinase K for 24 h, and a second 24 h-treatment in the same solution but with 0.5 mg/ml of proteinase K. Afterwards, the blocks were thoroughly washed with TE buffer (10 mM Tris-HCl [pH 7.5], 0.1 mM EDTA) at 37 °C, and incubated in the same buffer at 4 °C overnight. Finally, the blocks were washed four times with 100 mM Tris-HCl (pH 8), 5 mM MgCl 2 at room temperature. All chemicals were supplied by Sigma Chemical Co.
For DNA digestion, fragments of the agarose blocks were equilibrated in restriction enzyme buffer for 1 h at 4 °C, and then incubated for 16 h at 37 °C with 20 U of NotI (Amersham Pharmacia Biotech) in the same buffer supplemented with 0.1 mg/ml of RNase I.
DNA fragments were separated in a 1.2% agarose gel (FastLane agaros, FMC Bioproducts) in 0.5 × TBE buffer using a pulsed field machine with an hexagonal electrode (Gene Navigator Pulse Field System Controller, Amersham Pharmacia Biotech). Electrophoresis was performed at 250 V in two phases (8 hours each), with pulse times of 9 and 13,5 s, respectively. During the running time, temperature was maintained constant at 14 °C. Lambda DNA PFGE markers (Amersham Pharmacia Biotech) were used as size standards. After electrophoresis, gels were stained in ethidium bromide (0,5 µg/ml) (Sigma Chemical Co.) for 60 min, destained in 0.5 × TBE buffer for 30-60 min, and observed with UV transilumination (240 nm).
RAPD analysis
DNA isolation was performed using a InstaGene Matrix (BioRad). Briefly, bacterial colonies, grown at 22 °C on TSAS, were resuspended in 1 ml of autoclaved water and centrifuged at 10,000-12,000 rpm for 1 min. Then, the pellets were resuspended in 200 µl of InstaGene matrix and incubated at 56 °C for 30 min. Afterwards, the suspensions were mixed by vortex at high speed for 10 s and boiled in a water bath for 8 min. The lysates were vortexed again at high speed and they were spin at 10,000-12,000 rpm for 2-3 min. The InstaGene DNA preparations were stored at -20 °C until they were used for PCR reactions. One ml of each DNA solution was used in the respective amplification reaction.
PCR reactions were performed using Ready-To-Go RAPD analysis Beads (Pharmacia Biotech). These commercial beads have been optimized for PCR reactions and contain buffer, nucleotides and Taq DNA polymerase. The only reagents wich must be added to the reaction are primers, which are also provided in the kit, and template DNA. The oligonucleotide sequence of the 10-mer primers used (Pharmacia Biotech) are listed in Table 2 . Each 25.0 µl RAPD reaction mixture contained 1.5 units of Taq polymerase, 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 1.5 mM MgCl 2 , 200 mM of each dNTP, 25 pmoles of respective primer and 1 µl of DNA solution.
Amplification was performed in a Master Cycler Personal (Eppendorf) programmed as follows: 1 cycle of 95 °C for 5 min; 30 cycles of 95 °C for 1 min, 35 °C for 1 min, and 72 °C for 2 min; and a final cycle of 72 °C for 5 min. The RAPD products were electrophoresed on a 1.5% agarose gel. After stain with ethidium bromide, the gels were photographed under UV light. A 50-2,000 bp ladder (Sigma Chemical Co.) was used as a molecular marker.
Computer analysis of RAPD-PCR results
Images of the PFGE and RAPD gels, as well as the ribotype hybridization membranes, were captured by a Gel Doc-2000 gel documentation system (BioRad) and analyzed using the Diversity Database software (BioRad). Computed similarities among isolates were estimated by means of the Jacard coefficient (S J ), and the dendrogram clustering of the strains was based on the unweighted average pair group method (UPGMA).
Results
Ribotyping
Total DNA of the Vibrio tapetis strain B1090 was separately digested with the enzymes PvuII, SalI, SmaI and XbaI and hybridized with the digoxigenin-labeled probe. SalI, SmaI and PvuII endonucleases yielded between 8 and 16 fragments ranging in size from 2 to 25 kb, a sufficient number of appropriately sized bands to perform an accurate analysis. Therefore, these enzymes were chosen for the subsequent ribotype analysis of all strains. The Jaccard coefficient (S J ) was utilized as a measure of the homology among the ribopatterns.
Vibrio tapetis strains showed a high degree of homogeneity. In fact, all the strains tested, except strain 0202RD, belonged to the same ribotype, regardless the enzyme employed (Table 1 ; Fig. 1a) . Similarity between strain 0202RD (ribotype B) and the other V. tapetis strains (ribotype A), estimated by the Jacard coefficient, was 50% for PvuII, 36.4% for SmaI and 27.8% for SalI (Fig. 1b) .
PFGE of genomic restriction fragments
Vibrio tapetis strains showed PFGE patterns consisting of 14-16 bands. In these analysis, only bands above 50 kb were recorded. Almost each strain showed a specific PFGE profile. The greatest variability among profiles were observed in the region between 50 and 200 kb, both in the band size and the presence or absence of one to three restriction fragments. In addition, some bands of approximately 300-400 kb were missed in some strains (Fig. 2a) .
The S J /UPGMA analysis of restriction digest patterns resolved by PFGE resulted in the separation of two clusters, as in the case of ribotyping (Table 1; Fig. 2b ). All the strains, except strain 0202RD, clustered at a similarity level of 75.6%. Strain 0202RD shows a similarity of 51% with the other strains.
In addition, six different types were defined on the basis of PFGE patterns among the strains within the cluster 1 (Table 1; Fig. 2b ). The predominant PFGE-type (1a) comprised the 38.4% of the strains, being the other types (1b to 1f) represented by one or two strains. 
RAPD analysis
Initially, a RAPD analysis of one strain of V. tapetis (strain 8.1) was performed using each of the six primers provided in the commercial kit. Only three of the six primers tested (primers, 2, 4 and 5) generated reproducible genomic fingerprints of this strain. The amplification using the other primers (1, 3 and 6) , yielded poor results.
The strains of V. tapetis were clustered in two groups using the primers 2, 4 and 5. RAPD-PCR analysis was able to differentiate the strains from R. decussatus from the strains isolated from other clam species (Fig. 3a) . Although the profiles of all the strains comprised a number of 7 or 8 different fragments, only two bands were shared among the two groups, regardless of the primer employed. Reproducibility of RAPD results was assessed by repetition in at least three independent RAPD assays for each primer tested. No significant differences were observed in the patterns although some bands varied in intensity.
By using the dendrograms constructed on the basis of RAPD-PCR patterns, two main clusters were defined (Table 1 ; Fig. 3b ): cluster I comprised the 92.6% of the strains, including the isolates from R. philippinarum, V. aurea and C. edule (93% similarity), whereas cluster II comprised the two isolates from R. decussatus (95% similarity). The two clusters branched at a similarity level of 41%.
Discussion
Traditional typing methods, such as biotyping, serotyping or plasmid content, are not useful for the study of intraspecific variability or epidemiological aspects of Vibrio tapetis, since this bacterium showed to be homogeneous for these characters [6, 7, 8] . Previous results of intraspecific classification using genetic techniques like ribotyping or PFGE showed some variations among the V. tapetis strains, although no definitive results could be obtained [7, 8] . Therefore, the main aim of the present work was to perform a study of the genetic heterogeneity of V. tapetis, employing different methodologies which have demonstrated their value in a wide range of bacterial species [3, 15, 20, 25] .
The ribotyping technique, a variation of RFLP-Souther blotting in which the probes are derived from the 16S and 23S rRNA genes [10] , has been successfully applied in many studies for differentiation of bacterial strains [2, 3, 15, 18, 25] . In general, ribotyping results in only a small number of bands, which simplifies the interpretation. In the present study, V. tapetis isolates yielded between 8 and 16 hybridization fragments, depending on the strain and the endonuclease employed. All but one strain showed the same ribotype regardless of the endonuclease employed in the analysis, which indicate a high similarity in both sequence and number of chromosomal copies of the rRNA genes.
Pulsed field gel electrophoresis (PFGE) has been defined as the "gold standard" of molecular typing methods [19] , being superior to other methods for biochemical and molecular typing. Macrorestriction fingerprinting by PFGE gives clear and reproducible resolution of fragments which allow an easy analysis and, therefore has been employed for the study of various bacterial species [12, 13, 17, 24, 27] . The V. tapetis isolates included in the present study yielded reproducible profiles consisting in 14-16 bands, showing the majority of the strains a specific restriction pattern as expected.
Tenover et al. [26] have proposed a system to standardize the interpretation of PFGE, proposing some criteria to establish strain relatedness. In this scheme, isolates with identical PFGE profile are considered the same strain. Bacterial isolates showing differences in one to three bands, which would mean a single genetic change, are closely related. Differences in four to six fragments, meaning two independent genetic events, indicate a possi-ble relationship among isolates and, finally, six or more differences, representative of three or more genetic changes, correspond to unrelated strains. Despite of the degree of similarity obtained in the computerized analysis, all our isolates differed by one to three bands, which following the Tenover criteria indicate a close relationship among them.
The RAPD assay has proved to be an appropriate method for typing and epidemiological studies of different microorganisms [11, 14, 16, 25] . The results of this study revealed that the RAPD-PCR is appropriate to analyze the genetic variablity among the V. tapetis strains, since this assay could differentiate the strains isolated from R. decussatus from the strains isolated from R. philippinarum. The UPGMA cluster analysis based on RAPD profiles generated two clusters corresponding with the origin of the strains. It has been reported that the use of at least two different primers improve the discriminatory power of this technique [12] . In this study, similar results were obtained with the three primers employed, which strongly support the existence of these two groups. On the basis of these data, the RAPD-PCR could be used as a diagnostic tool in tracing the source of infections by V. tapetis.
The variation observed in the results obtained with the different procedures are in accordance with results of other studies [11, 12] . According to these, ribotyping is less discriminating than RAPD, whereas PFGE possess the highest discriminatory abilitiy. Thus, whereas PFGE can be very useful to evaluate small groups of isolates related to putative outbreaks or to follow the spreading of a bacterial strain responsible of a particular outbreak, RAPD method shows more applicability in the analysis of larger numbers of isolates from an epidemiological standpoint. The results obtained in the present work confirm this hypothesis, since ribotyping did not provide adequate discrimination among strains, PFGE showed frequently strain specific pattern, and RAPD yielded amplification profiles with epidemiological value. On the basis of these findings, RAPD with at least two different primers would be feasible to obtain rapid results, and when it is complemented with PFGE, provide a high discriminatory capability among the V. tapetis strains.
